The frequency of species of the genus Eimeria in a dairy herd in the municipality of Boa Esperança, Southern region of the State of Minas Gerais was assessed. From 37 females of the Friesian breed aged three to seven months, 259 feces samples were analyzed between May and September 2008. The examinations to quantify oocysts per gram of feces (OPG) and identify Eimeria species were conducted at the Veterinary Parasitology Laboratory of the Federal University of Lavras. Eleven species of Eimeria were identified, namely: E. bovis (23.2%), E. zuernii (22.6%), E. ellipsoidalis (20.3%), E. cylindrica (14.1%), E. subspherica (5.4%), E. canadensis (3.5%), E. alabamensis (2.4%), E. auburnensis (2.4%), E. pellita (2.1%), E. brasiliensis (2%) and E. bukidnonensis (1.9%). E. bovis, E. zuernii and E. ellipsoidalis were the most frequent and the ones with the highest oocyst shedding over time (p < 0.05). Differences in OPG counts were found between most months studied (p < 0.05). The large number of Eimeria species found, in particular E. bovis and E. zuernii, indicates that Eimeria sp. has significant pathogenic potential in dairy cattle in the South of Minas Gerais.
Introduction
Eimeriosis is a disease caused by coccid protozoa belonging to the phylum Apicomplexa, family Eimeriidae and genus Eimeria that parasitize poultry, ruminants, equines and rabbits. These parasites have worldwide distribution and especially affect dairy cattle under one year of age.
This disease is one of the main causes of economic losses in rearing ruminants worldwide. Matjila and Penzhorn (2002) estimated that the losses were US$ 400 million/year in cattle-rearing in the United States, without taking into account losses caused by subclinical coccidiosis.
Under conditions of intensive rearing, as practiced in a large proportion of dairy cattle farms, with high population density, disease transmission takes place more readily and oocysts are highly available within the environment. Thus, in dairy calves, eimeriosis occurs more frequently and appears with greater severity (LIMA, 2004) . Rev. Bras. Parasitol. Vet. Stressful situations such as weaning, transportation, starting of confinement, changes in the weather and debility caused by other pathogens may induce outbreaks of eimeriosis (SÁNCHEZ et al., 2008; REHMAN et al., 2010) . Thirteen species of Eimeria have been cited as causing production and economic losses to cattle producers around the world, and E. zuernii and E. bovis are considered to be the most pathogenic species (CORNELISSEN et al., 1995; LIMA, 2004; TAUBERT et al., 2008) . These two species cause severe diarrhea with feces containing blood, fibrin and intestinal tissue, as well as fever, pain, tenesmus, anemia, dehydration, weakness, anorexia and weight loss. These conditions may lead to the death of the host (DAUGSCHIES; NAJDROWSKI, 2005; TAUBERT et al., 2008) .
Studies have demonstrated that the prevalence of Eimeria species in cattle varies between different regions of Brazil (REBOUÇAS et al., 1994; ALMEIDA et al., 2011) . Given that there are differences in pathogenicity between species (LIMA, 2004) , the impact of eimeriosis may also vary between regions. This indicates the importance of knowledge of the frequency of occurrence of each species in herds, especially in the South of the State of Minas Gerais, which is one of the biggest milk-producing areas in Brazil.
Health and management within cattle-rearing are critical points of great importance and thus should be controlled in order to make this activity viable. The present study had the aim of investigating the frequencies of occurrence of species of the genus Eimeria in female calves at the post-weaning stage, in a dairy herd located in the Southern region of the State of Minas Gerais, during the Southern hemisphere autumn and winter.
Material and Methods
This study was conducted in a milk production system located in the municipality of Boa Esperança, in the Southern region of the State of Minas Gerais (21° 05' 24" S and 45° 33' 57" W).
The animals had previously been identified by means of conventional tags in both ears and an electronic tag in the left ear (containing a specific number on a microchip). They were kept continuously in three fenced-in grassed paddocks (grass type Cynodon sp.), at a mean stocking density of 100 m 2 .animal -1 . They had access ad libitum to maize silage and received Purina Milktech 45 concentrate (2 kg.animal -1 /day), and this management regimen was maintained throughout the period evaluated.
From 37 females of the Friesian breed aged three to seven months, 259 feces samples were analyzed between May and September 2008. The situation evaluated in this study was in line with the normal management followed at this farm property, since the young animals were kept together in paddocks separated from the cows that were already of reproductive age. The samples were collected directly from the rectal ampulla with the aid of plastic bags, every 30 days, with the exception of the months of June and September, when two collections with a 15-day interval between them were made. The feces samples in the plastic bags were identified with the animal's number and were stored at a temperature of 4 °C, for subsequent laboratory evaluation.
The examinations to quantify oocysts per gram of feces (OPG) and identify Eimeria species were conducted at the Veterinary Parasitology Laboratory of the Federal University of Lavras, using the method of Gordon and Whitlock (1939) , as modified by Ueno and Gonçalves (1998) , in a McMaster chamber. The positive samples were left to sporulate in Petri dishes with 2.5% potassium dichromate solution for seven days, in a germination chamber at a temperature of 28 °C, for subsequent identification of Eimeria species. After the sporulation process, the samples were centrifuged for 10 minutes at a rotation of 595.1 g, and were then placed between a slide and cover slip and observed under a microscope at magnifications of up to 400X (HOFFMAN, 1987) . The species were differentiated from each other in terms of the oocyst characteristics of shape, color, size and presence or absence of micropyles and micropylar hoods, along with the morphological characteristics of the sporocysts, in accordance with the parameters of Amarante and Barbosa (1992) .
The Shapiro-Wilk normality test was applied to the variables of percentage occurrence of Eimeria species and OPG count among the species found during the months evaluated. This showed that the data presented asymmetrical distribution and, for this reason, the nonparametric Kruskal-Wallis test was then used on these two variables. In the event of statistical significance (p < 0.05), the Mann-Whitney test was used between the species. The nonparametric Friedman test for paired samples was also performed for the months with OPG counts, and the Wilcoxon test was then performed between the months, in cases of statistical significance. The descriptive and inductive analyses were performed using the Excel ® application and the SPSS 17.0 statistical software. The results were grouped in the form of tables and graphs, with the aim of enabling better comparison, discussion and presentation of the results (LOPES et al., 2004) .
Results and Discussion
Differences in the occurrences of different species of Eimeria were observed over the course of the months evaluated (p < 0.05). In this study, 11 Eimeria were identified (Table 1) , which was more than was found in the investigations by Rebouças et al. (1994) in São Paulo and by Almeida et al. (2011) in Bahia, who did not find E. pellita. Rebouças et al. (1994) also found E. wyomingensis, but did not find E. auburnensis.
The frequency of occurrence of E. zuernii in the present study was 22.6%, which was well above the 9.7 and 6.83% found, respectively, by Rebouças et al. (1994) and Almeida et al. (2011) . On the other hand, for E. bovis, the frequency found (23.2%) was very similar to the findings in the other two studies. These results indicate that in Brazil, E. bovis is one of the most important species, given that it has repeatedly been found to be the most frequent species in Brazil (REBOUÇAS et al., 1994; LASSEN et al., 2009a; REHMAN et al., 2010) .
In Argentina, Sánchez et al. (2008) found that 12 Eimeria species were present in calves, among which E. ellipsoidalis (38%) was the most frequent, followed by E. bovis (24%), E. auburnensis (19%), E. zuernii (11%), E. canadensis (4%) and E. subspherica (3%), and in smaller percentages, E. alabamensis, E. wyomingensis, E. cylindrica, E. bukidnonensis, E. brasiliensis and E. illinoisensis. In Germany, a smaller number of species of Eimeria was found to be parasitizing grazing calves, among which E. alabamensis was the most prevalent species (83.3%), followed by E. bovis (58.9%) and E. zuernii (3.1%) (SAMSON-HIMMELSTJERNA et al., 2006) . In the Netherlands, Cornelissen et al. (1995) found that eight species of Eimeria were present in heifers, among which E. bovis (34.3%) and E. auburnensis (18.9%) were the most frequent; and 12 species in calves, among which E. bovis (27.8%) was again the most frequent species, followed by E. ellipsoidalis (22.5%).
In the present study, E. bovis and E. zuernii were seen to be the most frequent species. These are the most pathogenic species, since they mainly affect young animals (TAUBERT et al., 2008) . These are the species most commonly associated with the clinical conditions characteristic of eimeriosis (CORNELISSEN et al., 1995) . The third most frequent species in our study was E. ellipsoidalis. Thus, our data corroborate the report by Parker and Jones (1987) , who found that oocysts of E. bovis, E. ellipsoidalis and E. zuernii were the types most commonly shed by cattle up to the age of eight months that were reared on pasture, i.e. under conditions similar to those of the present study.
The mean number of oocysts released varied according to the month and species (p < 0.05) ( Table 1) . Differences were found between all the months evaluated, except between the counts for May and August and between the counts for May and September. The species E. bovis, E. zuernii, E. ellipsoidalis, E. cylindrica, E. subspherica and E. canadensis were the ones that presented the greatest oocyst shedding (Table 1) . However, in the present study, infection due to Eimeria occurred at a subclinical level, i.e. it was not possible to diagnose clinical cases of eimeriosis, or to examine the viscera of suspected animals, or even to detect the evolutional stages of the parasite, as already seen by Cornelissen et al. (1995) and Almeida et al. (2011) , also among dairy cattle.
On the other hand, Samson-Himmelstjerna et al. (2006) found that 80% of the calves that they evaluated in Germany presented clinical cases of the disease. This difference may have been caused by different doses of infecting oocysts and species present (JOLLEY; BARDSLEY, 2006) among the studies. Moreover, management factors may also be related to greater susceptibility of cattle to this parasitosis, given that according to Sánchez et al. (2008) , calves that are reared under artificial conditions are exposed to greater numbers of risk factors for eimeriosis, such as: early weaning, failure to ingest colostrum and difficulty in adapting to artificial high-density diets. According to the same authors, these factors impair the establishment of an adequate immune response, which would be the determining factor for resistance to coccidiosis. It is important to emphasize that, even in the subclinical form, the lesions caused by different species of this parasite may be related to lower nutrient absorption, with an effect on the performance, health and production of the animals (LASSEN et al., 2009a) .
According to Jolley and Bardsley (2006) , moderate temperatures favor development of the biological cycle of the parasite. Furthermore, Lassen et al. (2009b) found that cows shed greater quantities of oocysts under conditions of high humidity, and Rehman et al. (2010) found that in the rainy months, the prevalence of eimeriosis increased. In the present study, a lower OPG count was found in July (p < 0.05), which is the start of the dry period of the year. Thus, knowledge of the conditions that favor parasite development is important for establishing control strategies, both in the rainy season and in the dry season, given that infection can even occur during the latter period. This is even more important when it is borne in mind that different species present different pathogenesis (JOLLEY; BARDSLEY, 2006) , and that their occurrence may vary over the seasons of the year.
The month of June was differentiated from the other months in relation to the OPG count ( Table 1 ), such that the highest peak of oocyst shedding was found in this month (Figure 1 ). The cause of this difference may have been an incident in which cows at the peripartum stage accidentally gained access to the paddock where the calves were. Faber et al. (2002) suggested that close to the time of calving, the OPG count in feces increases, which may result in contamination of the pasture. Michel et al. (1972) , in England, reported that oocyst production in naturally infected cows increased during the peripartum period, with greater contamination of pasture during this period. Lassen et al. (2009b) also found that calves that were reared separately from adult animals presented lower oocyst shedding. This occurs because adult animals act as reservoirs for the agent and sources of infection for young animals, given that although immunity to Eimeria is species-specific, it is not absolute (JOLLEY; BARDSLEY, 2006; LIMA, 2004) . This makes it necessary to take care at the time of dividing the animals according to category.
Also in June, it was observed that there were greater numbers of animals per unit area in the paddock. Pasture with high concentrations of animals also present greater quantities of feces deposited, and consequently, greater contamination of the ground with parasite eggs and oocysts, which constitutes a risk for susceptible calves (JOLLEY; BARDSLEY, 2006). Sánchez et al. (2008) found that greater prevalences occurred when the calves were subjected to higher rearing densities. They noted that the parasitic infection rate increased because of the high animal burden per unit of surface area and estimated that the infection rate became four times higher when the population density doubled (SÁNCHEZ et al., 2008) .
The sampling done in June took place 30 days after the animals had been brought into the paddock. This length of time is more than the duration of the prepatent period of Eimeria species, which may explain the increase observed in this month. However, in the following month, a considerable decrease in OPG count was observed. This fall was probably related to host immunity action against Eimeria, which already exists in calves aged three to seven months, like those in the present study (FABER et al., 2002) . The decrease in the animal density in the paddock in July, in relation to June, and the less favorable environmental conditions for sporulation of oocysts, such as the low humidity at this time of the year, may also be related to the observed decline in OPG count, thus causing the observed differences between the months (p < 0.05).
Conclusion
The influence of the management implemented at the farm property, on oocyst shedding, and the large number of Eimeria species encountered, particularly E. bovis and E. zuernii, indicate that Eimeria has significant pathogenic potential and that there is a need to control it among dairy cattle in the South of the State of Minas Gerais. 
